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The work is aimed to increase the efficiency of process of mixing nonalcoholic beverages with the use of opposite-stream 
mixer. The influence of diameter of nozzle and distance between sprayers on distribution of speed of liquid streams in the area 
of their collision, change of pressure, distribution of kinetic energy of turbulence and its dissipation is investigated in a 
programmatic complex ANSYS with process modeling of mixing. Dependence between the diameter of nozzle of sprayer and 
distance between sprayers is determined to receive the greatest degree of mixing and maximum performance of the mixer. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ ɫɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɫɬɟɣ ɩɪɨɬɢɜɨɬɨɱɧɨ-ɫɬɪɭɣɧɵɣ ɫɦɟɫɢɬɟɥɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɫɬɨɹɧɢɟ
ɦɟɠɞɭɮɨɪɫɭɧɤɚɦɢ
Keywords: mixing of liquids, opposite-stream mixer, modeling, distance between sprayers. 
ɉɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ±
ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɜ
ɪɚɡɥɢɱɧɵɯɨɬɪɚɫɥɹɯɩɪɨɢɡɜɨɞɫɬɜɚɢɩɟɪɟɪɚɛɨɬɤɢɩɪɨɞɭɤ





ɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ
ɍɱɢɬɵɜɚɹ ɜɨɡɪɚɫɬɚɸɳɢɟ ɨɛɴɺɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɡɚɥɤɨ







ɨɧɧɵɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɢɥɢ ɫɬɪɭɣɧɵɦ ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ
ɪɚɡɥɢɱɧɵɟɫɩɨɫɨɛɵɩɟɪɟɦɟɲɢɜɚɧɢɹɠɢɞɤɢɯɤɨɦɩɨɧɟɧɬɨɜ
ɫɬɪɭɣɧɨɟ ɫɦɟɲɢɜɚɧɢɟɛɵɥɨ ɜɵɞɟɥɟɧɨɤɚɤɧɚɢɛɨɥɟɟɩɟɪ
ɫɩɟɤɬɢɜɧɨɟ ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɬɶ
ɷɧɟɪɝɢɸ ɜ ɡɨɧɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɠɢɞɤɨɫɬɟɣ




















ɬɢɱɧɵɯ ɮɨɪɫɭɧɨɤ  ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɨɨɫɧɨ ɩɚɬɪɭɛɤɨɜ




ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦ
ɩɨɧɟɧɬɨɜ [5, c. 86±92].  
ɉɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɜɨɞɵ ɫ











ɫɨ ɫɤɨɪɨɫɬɶɸ ȣ2 ɤɨɬɨɪɚɹ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ
ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɨɫɢ ɮɨɪɫɭɧɨɤ ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ




ɦɨɦɟɧɬ ɫɬɨɥɤɧɨɜɟɧɢɹ ȣ1. ɉɨɧɹɬɧɨ ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɨɩɥɨɦ ɢ ɥɢɧɢɟɣ ɪɚɡɞɟɥɚ ɫɬɪɭɣ ɫɤɨ
ɪɨɫɬɶɩɨɬɨɤɚɭɦɟɧɶɲɚɟɬɫɹɢɡ-ɡɚɱɟɝɨɛɭɞɟɬɭɦɟɧɶɲɚɬɶɫɹ
ɢɫɬɟɩɟɧɶɩɟɪɟɦɟɲɢɜɚɧɢɹ




2 ± ɩɚɬɪɭɛɤɢɩɨɞɚɱɢɨɫɧɨɜɧɨɣɠɢɞɤɨɫɬɢ± ɫɨɩɥɨɷɠɟɤɬɨɪɚ± ɤɚɦɟɪɚɫɦɟɲɢɜɚɧɢɹ± ɮɨɪɫɭɧɤɚ
Ɋɢɫɭɧɨɤɋɯɟɦɚɨɩɪɟɞɟɥɟɧɢɹɪɚɫɫɬɨɹɧɢɹɦɟɠɞɭɫɨɩɥɚɦɢɮɨɪɫɭɧɨɤɩɪɨɬɢɜɨɬɨɱɧɨ-ɫɬɪɭɣɧɨɝɨɫɦɟɫɢɬɟɥɹ
ȼɪɚɛɨɬɟ>@ɩɨɥɭɱɟɧɵɡɚɜɢɫɢɦɨɫɬɢɞɥɹɨɩɪɟɞɟɥɟ
ɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɢɜɨɬɨɱɧɨ-ɫɬɪɭɣɧɨɝɨ ɚɩɩɚ
ɪɚɬɚQ ɜɡɚɜɢɫɢɦɨɫɬɢɨɬɪɚɫɫɬɨɹɧɢɹɦɟɠɞɭɮɨɪɫɭɧɤɚɦɢ




SP 'U  , (1) 












ɛɨɥɶɲɟ ɩɨɥɨɜɢɧɵ ɞɢɚɦɟɬɪɚ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ ɬɟd












ɹɜɥɹɟɬɫɹ $16<6 :RUNEHQFK ɉɨ ɡɚɞɚɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ
ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ '-ɦɨɞɟɥɢ ɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɟ
SolLG:RUNVɫɞɚɥɶɧɟɣɲɟɣɫɢɦɭɥɹɰɢɟɣɩɪɨɰɟɫɫɚɫɦɟɲɢɜɚ
ɧɢɹɜɩɪɨɝɪɚɦɦɧɨɦɤɨɦɩɥɟɤɫɟ$16<6
ȼɵɛɨɪ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɚ ɬɟɦɩɟɪɚɬɭɪɚ
ɩɥɨɬɧɨɫɬɶɠɢɞɤɨɫɬɟɣ ɩɪɨɩɨɪɰɢɢ ɫɦɟɲɢɜɚɧɢɹ ɞɚɜɥɟɧɢɟ










ɝɥɚɫɭɟɬɫɹ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ   Ɇɚɤɫɢ
ɦɚɥɶɧɚɹɤɢɧɟɬɢɱɟɫɤɚɹɷɧɟɪɝɢɹɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢɩɨɜɟɥɢ
ɱɢɧɟɢɩɨɩɥɨɳɚɞɢɨɯɜɚɬɚɞɨɫɬɢɝɚɟɬɫɹɩɪɢɚ Gɫ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɫɦɟɲɢɜɚɧɢɹ
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Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɡɨɧ ɜɵɫɨɤɨɣ ɞɢɫɫɢɩɚɰɢɢ
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ɰɟɧɬɪɦɟɠɞɭɮɨɪɫɭɧɤɚɦɢɍɜɟɥɢɱɟɧɢɟɡɧɚɱɟɧɢɹɞɢɫɫɢɩɚ





ɟɬɫɹ ɬɨɪɨɨɛɪɚɡɧɵɣ ɭɱɚɫɬɨɤ ɫ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɪɢɫ
ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɫɧɢɠɚɟɬɫɹȼ ɷɬɨɦɭɱɚɫɬɤɟɦɨɝɥɨɛɵ
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɨɜɨɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɟ ɫɦɟɲɢɜɚɧɢɟ ɨɞ
ɧɚɤɨ ɡɨɧɚ ɪɚɫɩɨɥɨɠɟɧɚ ɧɟ ɫɢɦɦɟɬɪɢɱɧɨ ɢ ɥɢɲɶ ɱɚɫɬɶ
ɠɢɞɤɨɫɬɢɩɪɨɯɨɞɢɬɱɟɪɟɡɷɬɭɡɨɧɭɩɨɷɬɨɦɭɟɺɜɥɢɹɧɢɟɦ
ɧɚɩɪɨɰɟɫɫɫɦɟɲɢɜɚɧɢɹɦɨɠɧɨɩɪɟɧɟɛɪɟɱɶ
ɚ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ɜɟɪɯɧɨɫɬɹɦɢɮɨɪɫɭɧɨɤ ɚ «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ɩɪɢɜɵɯɨɞɟɠɢɞɤɨɫɬɢɢɡɮɨɪɫɭɧɤɢɢɞɨɫɬɢɝɚɟɬɡɧɚɱɟɧɢɹ
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ɞɢɦɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪ
ɝɢɢ ɩɨɥɧɵɣ ɨɯɜɚɬ ɫɦɟɲɢɜɚɟɦɨɝɨ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ
ɜɫɬɪɟɱɧɵɦɩɨɬɨɤɨɦɢɫɤɥɸɱɟɧɢɟɜɬɨɪɢɱɧɵɯɡɚɜɢɯɪɟɧɢɣ
ɥɢɲɶ ɱɚɫɬɢɱɧɨ ɨɯɜɚɬɵɜɚɸɳɢɯ ɩɨɬɨɤ ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ
ɭɫɥɨɜɢɣɦɚɤɫɢɦɚɥɶɧɨɟɤɚɱɟɫɬɜɨɫɦɟɲɢɜɚɧɢɹɞɨɫɬɢɝɚɟɬɫɹ
ɩɪɢɚ Gɫɱɬɨɩɨɞɬɜɟɪɠɞɚɟɬɩɪɟɞɩɨɥɨɠɟɧɢɟɜɵɞɜɢɧɭɬɨɟ
ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨ
ɬɨɦɱɬɨɢɫɯɨɞɹɢɡɭɫɥɨɜɢɣɩɨɥɭɱɟɧɢɹɧɚɢɜɵɫɲɟɣɫɬɟɩɟɧɢ
ɫɦɟɲɢɜɚɧɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɩɬɢ
ɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɩɥɚɦɢ ɮɨɪɫɭɧɨɤ ɞɨɥɠɧɨ
ɛɵɬɶɪɚɜɧɨɞɢɚɦɟɬɪɭɫɨɩɥɚɮɨɪɫɭɧɤɢ




1. Ɇɟɥɟɲɤɨ ȼȼ ɋɦɟɲɢɜɚɧɢɟ ɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ
ȼȼɆɟɥɟɲɤɨ Ɍɋ Ʉɪɚɫɧɨɩɨɥɶɫɤɚɹ ɇɟɥɢɧɟɣɧɚɹ
ɞɢɧɚɦɢɤɚ± 2005. ± Ɍ
2. ɉɚɬ  ɍɤɪɚʀɧɚɆɄɂ5 $-  ɉɪɢɫɬɪɿɣ
ɞɥɹ ɫɬɪɭɦɢɧɧɨɝɨ ɡɦɿɲɭɜɚɧɧɹ ɪɿɞɤɢɯ ɤɨɦɩɨɧɟɧɬɿɜ
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